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AGOESSHMENT OF 9310 STEEL FOR CARBURIZED COMPONENTS
IN M, RIFLES

ABSTRACT

1n a recent study on the evaluation of SAE 8620 steel used in car-
burized components of Ml rirles, it was suggested that an investigation
be conducted on the heat treatment, characteristics, and toughness of a
lower carbon, higher alloy steel.

Irn the current investigation, the hardenability, microstructure and
V-notch Charpy impact propertles of SAE 9310 steel ware evaluated. The
results have been compared with those of 8620 steel, and recommendztions
are made regarding the use of the 9310 steel for carburized ccmponents

for critical service nppiications.
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INTROJUCTION

A recent studyss was conducted to determine t! 2 applicability of car-
ourized SAE BO20H steel in Mi4 rifle bolts and receivers. The study
revealed that such a material possessed a borderline hardenability for
the section size involved, and its heat treatment required very close
control in orde» for the material to meet the minimem toughness and
fatigue vroperties required for carburized components. Watertown Arsenal
recommended that an alternate steel of lower carbon content and higher
hardenability be considered. Consequently, it was decided to investigate
SAE 9310 steel which is employed for carburized components used in other
severe service applications. It was expected that the 9310 steel would
aid in providing improved toughnes:c and in permitting a wide latitude in
heat treatment.

TEST PROCEDURE

Jominy end quench hardenability tests were conducted on samples of
both 8620H and 9310 steels. Carburized V-notch Charpy impact specimens
were machined to final dimensions before the carburizing heat treatment,
which was accomplished at Springfield Armory using liquid salt carbu-
riziig. Similar specimens (not carburized) were heat ireated at Watertown
Arsenal using neutral salt in place of carburizing salt. Uncarburized
specimens were rough machined before heat treatment and finish machined
and notched after heat treatment. The effect of tempering temperature
was investigated by impact testing conducted at -4O F. In addition, tem-
perature transition curves anu the effect of precracking on impact proper-
ties were ascertained for selected heat treatments. Since bar stock was
employed, the impact tests were conducted in the longitudinal direction
only. (The microstructures resulting from various heat ireatments were
determinecd or broXen impact bars.)

DATA AND DISCUSSION

Chemical Composition

The SAE 9310 steel and the resulfurized SAE 8620H steel, with which
it is compared, were obtained in the form of bar stock from Springfield
Armory. The chemical analyses obtained at this Arsenal on the two mate-
rials are presented in Tatle I.

*3LINEY, JOSEPH L., Mechanical and Metallurgical Properties of Carburized
8620H Steel for MLl Rifle Components, Watertown Arsenal Laboratories,
WAL TR 739.1/3, November 1961.




TABLE I
CHEMICAL ANALYSES

c Mn Si ( Ni Cr Mo P S

SAE 9310 | 0.11 | 0.60 | 0.32 | 3.1 | 1.2k | 0.12 | o.010 0.009
SAE 8620 | 0.20 0.37 C.31 0.50 0.52 0.22 2.01L 0.045

Several differences in these twc alloy steels are of particular im-
portance. The low carbon content of 9310 limits the maxinmum as-quenched
harduess to about L2 Rockwell C as cumpared to 48 Rockwell C for the 8620
steel. However, the higher alley content (particularly the nickel) also
results in a high percentage of retained austenite in the carburized case.
The sulfur cointent of the 8620 steel is relatively high hecause of resul-
furization. The advantayge of small additions of sulfur can only be deter-
mined by conducting macuinability tests, preferably by machining of parts.
Although resulfurized 8620 steel is generally considered to have better
macninability than 9310 steel, the relative difference must be assessed on
the basis of all the machining required on the complex components involved.
Based con limited experience in machining specimens for this study it is
expected that the 9310 steel will, in fact, be superior to the 8620 stesl.

Hardenability Tests

The Jominy end quench hardenability tests were conducted according to
the stardard ASTM procedure on both 9310 and 8620 steel, and the results
e ot g are plotted in Figure 1. The samples
| of bar stock examined fell within
the ASTM H-bands for the respective
steel types. The marked differences

13

-k e in these two steels are apparent
TS~o.__920 5Tl | from the curves of Figure 1. The
“r \\\\ maximum as-quenched hardness of 8620

| 8855 Erkee at the water-quenched end of the
\\\\"“‘"~——~—-______________‘test bar is over 45 Rockwell C. As

the distance from this end increases

and the cooling rate correspondingly

decreases, there is a sharp drop in

ROCKWELL C HARDNESS
8
1

/! 1 1 1 1 1 1 1 / I——
0 0 0 " » ™~ 0 " " -

01STANCE FROw QUENCHED XD, SIXTEENTAS OF Am IWCh hardness. Since the cooling rates
GE & w B N e TEShaieg in the MlL rifle bolts and receivers
R R b i o are eGuivalent to distances of from

P rtppgpong ol odi oo Ml S 2/16 to 6/16 inch on the end quench

AE19310: 480:0620: STERLS bar, marked differences in the core

hardness can be expected in production parts made from low hardenability
steels. The maximum as-quenched hardness of the 9310 steel is 41 Rockwell
C, and the hardenability curve is almost flat to at least 6/16 inch. As

a result, when this steel is employed, the maximum core hardness of the
lugs or other thin sections cannot exceed L1 Rockwell C; yet the heavier
section will be quenched to a tough, martensitic microstructurs at essen-
tially the same hardness level.
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Metallographic Examination

A metallograpnic investigation was conducied @n selected Charpy im-
pact specimens from both materials to determine the depth of carburizaticn
and microstructure of the case and core. Typical microstructures re-
sulting from the heat ireatments employed on the two materials are pre-
scnted in Table 71. Because of the low hardenatilit;r aad high carbon

TABLE 11
METALIDGRAPHTC RESULTS

l'Rockwell C [ Case

Heat Haraness Depth | Microconstituents( %
Steel] Treatment Case | Core | {(inck) Case Core
9310 [A. Carburi.e 1-2/3 hr 56,01 39.5 | 0.014 75A 100M
at 1600 F; quench in 25M

agitated oil (150 F);
temper 1 hr at LOO F

8620 |B. Carburize 1-2/3 hr 57.0| Lo.5 | 0.015 SA SF
at 1575 F; quench in 95M . 80HB
agitated oil (150 F); 15M
temper 1 hr at 375 F

8620 |C. Carburize 1-2/3 nr 59.5 | 47.0 | 0.013 5A 100M
at 1575 F; quench in 95M
warm water; temper
1l hr at 375 F |

NOTE: F - Free Ferrite M - Tempered Martensite

HB - High Temperature Bainite A - Austenite (Retained)

content of the 8620 steel, it was not possible to heat treat specimens to
both the desired core hardness (LO Rockwell C) and microstructure (100%
tempered martensite) simultaneously when using the required draw tempera-
ture (375 to LOO F). Comparisons were made with specimens of 8620 steel
heat treated to 100 percent martensite with a core hardness of 47 Rockwell
C and others heat treated with a core hardness of 4O Rockwell C having a
high percentage of nonmartensitic constituents. The 9310 steel was
readily heat treated to the desired hardness of 4O Rockwell C and 100
percent tempered martensite using a low temperature draw.

The high nickel content of the 9310 steel results in the high
percentage of retained austenite at the outer surface of the carburized
case, Although equally high percentages of retained austenite have oc-
casionally been observed in the 8620 steel, it is normally quite low
(below 10%). The retained austenite lowers the hardness for a depth of
about 0,005 inch from the surface; therefore, the fatigue and wear prop-
erties may be adversely affected, Most of thls retained austenite, how-
ever, can be transformed to martensite by a "deep freaze" treatment,

-5~
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Figure 2. RETAINED AUSTENIT® IN CARBURIZED SURFACE OF 9310 STEEL

The subzero treatment increased the surface hardness of the 9310
steel to an acceptable level for good fatigue and wear resistance. Al-
though no fatigue tests were conducted, 931C steel would be expected to
exhibit endurance limits equal to those reported previously for the 8620
steel, and superior fatigue properties at high stress levels (finite life
portion of fatigue curve) because of superior core toughness.

Impact Properties

~

The results of V-notch Charpy impact tests at -LO F on 9377 steel at
various tempering temperatures are presented in Table III. The energy ab-
sorbed, fracture appearance and hardness of case and core are listed.
Results of similar tests obtained cn 8620 steel are presented in Table IV,
The results are also plotted in Figures 3 and L to show a comparison of
the two sleels in the uncarburized and carburized conditions respectively.
It can be observed that the carburizing treatment which produces a hard
nordeforming surface resulted in a marked decrease in the energy abcorhed

-6-



TABLE III

il [IG CHARACTERISTICS OF 9310 STEEL

[ -;;;;mezized Carburized
Energy Fracture Energy Fracture | Rockwell C
' rotiiheorbed® | Fibrosity |Rockwell C|Absorbed? | Fibrosity| Hardness
[ (deg F) (£t-1v) (%) Hardness | {ft-1b) (%) Core| Case
Az quenched| Lh.b 100 38.5 22.2 10¢ 39.8] 60.8
200 WLk 100 38.6 20.1 10C | 38.5] 60.9
) 46.1 100 38.8 21.5 100 |[L0.0| 55.0
400 50.9 100 39.0 21.1 100 39.6| £5.7
SOU b'/'h 10” }808 25'1 35 3803 53'8
600 L7.8 85 38.6 9.2 10 39.5| 52.5
700 36.5 55 37.3 7.5 0 |38.3] k9.8
800 L5.7 75 36.0 6.4 33.8 L7.5
900 58.7 8c 34.1 21.5 5 33.4) Li.6
R |
NOTE: 1A1l specimens quenched from 1600 F into agitated oil.
2A11 specimens tocsted at -hO F,
TABIE 1V
TEMPERINZ CHARACTERTSTICS OF 8620H STEEL
B Uncarburized Carburized
Tempering Erergy Fracture Energy | Fracture | Rockwell C
Temperature!|Absorbed® | Fibrosity | Rockwell C| Absorbed?®| Fibrosity| Hardness
(deg F) (ft-1b) (%) Hardness | (ft-1b) (%) Core| Case
As quenched| 17.5 20 57.0 2.5 0 L6.6| 6L.8
200 15.8 15 L7.4 2.5 0 L5.6] 6.4
300 18.1 25 L47.0 3.4 0 L5.6] 61.7
100 18.8 35 L5.9 3.4 0 L5.9| 58.6
500 15.5 20 L3.7 1.8 0 ,2.6| 55.6
600 9.5 »J 42.0 1.8 0] L1.0| 53.4
700 15.8 15 Lo.7 2.3 0 L1.8| 50.6
800 31k 75 38.2 9.7 0 38.8] L6.7
300 L7.8 100 33.8 30.2 100 3,67 43.9

2411 specimens tested at -4O F.

1711 specimens quenched from 1580 F into warm water.
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in both materials over that obtained in the uncarburized condition. This
comparison can be noted for the 9310 steel when tempered in the "blue
brittle" temperature range (500 to 800 F) and for the 8620 steel at all
tempering temperatures less than 900 F, Of major significance is the
fact thai the 9310 steel exhibited 100 percent fibrous fractures and ab-
sorbed consid:rable energy when tested in the carburized condition using
the production vempering cycle. The 8620 steel, on the other hand,
absorbed very little energy and exhibited crystalline fractures after a
similar heat treatment. The 9310 steel possessed a martensitic micro-
structure and a core hardness of 38 to LO Rockwell C using an oil quench
and a tempering temperature under 500 F. The 8620 steel, on the other
hand, which was water quenched in order to obtain a martensitic micro-
structure, possessed a ccre hardness of L5 tu 47 Rockwell C.

Carburized Charpy impact specimens of both steels were tected as a
tunction of test tempcrature to determine the transition temperature.,

-8-



Both steels were processed to essentlally the same core hardness level

(4G Rockwell C) and the same case depth (0,015 inch). However, in order
to employ a constant tempering temperature of LOO 7, yet obtain the same
core hardness, it was rnecessary to quench the 8620 steel in oll resulting
in a microstructure which was 80 nercent high temperature bainite as com-
pared to the 100 percent martensitic structure in the 9310 steel. The
impact transitic.. curves of both energy and fracture appearance are shown
in Figure 5. It 1s apparent that the 9310 steel maintains high toughness
to a much lower tes* temperature than the 8620 steel. The transition
temperature can be defined in a number of ways. It 1s defined here as

the temperature at which a 50 percent fibrous fracture occurs. Under this
criterion, the transition temperature is -100 C (-148 F) and +10 C (+5C F)
for the 9310 and 862U steels respeciively. This large difference in
transition temperature accounts for the marked difference in the impact
propertiis obtained in the tests conducted at -LO C (4O F). (See Figures

3 and L.

To investigate the conditions of the notch on the impact properties,
some specimens were notched after carburizing and others by fatigue
cracking the carburized layer in the notch prior to testing. Precracking
was accomplished by vibration fatiguing specimens as simple bears under

n%—tt—-—u_“h G x - 0
\ - X X X
—J10
N 30
& -
< sl > v =
5 o
2 — ooy [ B
& o FRACTVRE RATING a
2 1o o) sA€ saz0 -0 32
3 o coet uaRoncss
s Re %0.5 — 7
X| SAL 310
- o) cort mamoness  —{ 80
R 9.8
"L ‘ 90
0 PR p—" w— ._..J___m_ = 100
C | ! ! ] 1=
~120 =T) 40 0 %0 10 120

TEST TINPERATURE (°C)

Figure 5. IMPACT ENERGY AND FRACTURE VERSUS TEST TEMPERATURE -
SAE 9310 AND 8820 STEELS

-9-



controlled conaitions to produce shallow cracks through the case at each
speclmen. The condition of the notch in the impact test is of interest
in predicting the effect of notch severity on the servic. performance of
rifle volts which are frequently ground in the fillet area or which,
during service, develop fatigue crarks in this area. These tests are
also ussful in assessing the effect of carburizing on the nctech initi-
ation energy in the Charpy impact test. The results (preseated in Table
V) revealad that there is very little difference betwesen the energy ab-
sorbed by the carburized and the carburized-and-precracked specimen=z.
This observation was made on material in both the tough (9310 steel) and
brittle (8620 steel) conditions. However, notching the specimens after
carburizing resulted in a significant increase in ensergy absorbed in both
the tough and brittle conditions. It can be concluded that the carburized
case under a notch absoris little or no energy during impact loading to
fracture.

TABLE V

EFFECT OF NOTCH CONDITION ON IMPACT PROPERTIES TESTED AT O C (+14 F)

9310 Steel 8620 Steel
Rockwell C | Impact fockwell C | Impacth
Test Heat Hardness Energy Heat# Hardness Energy
Specimen | Treatinent | Case | Core | (ft-1b) | Treatment [ Case | Core |(ft-1b)
Y 59.5 | 47.0 k.0
Carburized A 56.0]39.5; 24.7
B 57.0 | 40.5 Te5
4.0
Carburized 23.6 c 59.5 | k7.0 3.7
and A 56,0 39.5 29.8 6.2
Precracked y B 57.0| L4o.5 10'
3
942
Notched 32.9 ¢ 59.5 | k1.0 8.6
after A 56.C | 39.5 36.1 15.8
Carburizmél . B 57.0 [Lo.5 | 332

*Heat Treatwants described in Table II.

Since Ordnance equipment (inc uding the Ml rifle) is expectec to
operate satisfactorily down to -65 F, it is important to employ mei=2-ials
which have sufficient toughness so that they will not exhibit catastrophic
failure (brittle fractureg at subzero temperatures. For carburized rifle
bolts and receivers, the 9310 steel can be heat treated in production to
a tough condition, The 8620 steel, on the other hand, is either quenched
to excessively nigh hardness in order to obtain a martensitic structure or
slack quenched to a lower hardness at which a high percentage of upper

-10-




hainite is obtained. In both instances, *ie core of the 8620 steel pos-
sesses low tougrness and is susceptible to brittle tracture, parvicularly
at low temperatures n the presence of a hi_h stress concentratioii.

ana,or in

The studies conducted to date indaicate that the V-rotch Charpy impact
test is effective in assessing the toughness of carburized and heat-
treated parts ha.ing approximaisly the same cross-sectional area. Con-
sequently, this test is considered to be appropriate as a specification
requirement for bolts and receivers of the M4 rifle in order to insure
adequate toughness.

GENERAL CLONSIDERATIONS

This limited study was conducted to assess the toughness of SAE 9310
stesl as compared to SAE 8620 steel for application in carburized bolts
and rer~ivers used in the Ml rifle. The results show that 9310 steel,
which has a high hardenability and low carbcn content, can readily be
carburized and heat treated to provide parts having a martensitic cure
microstructure with high toughness. Parts having large variations in
thickness will possess a uniform core microstructure of tempered marten-
site and hardness of 38 to 42 Rockwell C, even with the fairly wide
variations in quenching practice which are encountered in mamufacturing
plants. The use of high toughness steel such as 9310 in severely stressed
carburized parts will provide very good reliability in service and reduce
to a minimum any risk of premature catastrophic failure under service
conditions of low temperatrre and/or hizh strain rates.

The high alloy content of 9310 steel results in a high percentage of
retained austenite in the carburized case, a condition which results in
low surface hardness. Since low surface hardness may lower the fatigue
and wear resi.tance, it may be desirable to use a subzero conditioning
treatment to transform the retained austenite. This subzero treatment is
frequently emnloyed on carburized components.

CONCLUSIONS

1. The core toughness of 9310 steel is markedly superior to that of
8620 steel in the carburized and heat-treated condition. The impact
transition temperature of 9310 steel when carburized and heat treated to
a core hardness of LO Rock=ll C is 100 C lower than that of 8620 steel
possessing the same hardness.

2. Uniform core hardness and toughness are readily obtainable in
carburized 931C steel components even with wide variations in quenching
practice and changes in section thickness because of the high hardenability
and low carbon content of this stecl.

-11-
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3. The hizh alloy content of the 9310 stecl results in a hign per-
centaze of retained austenite near the surface of the carburiz:d parts
when a one-cycle quench-and-temper heat trezatment is emplcyed. This con-
dition can be alleviatad by using a subzero conditioning treatment which
transforms the retained austenite.

L. The V-notch Charny impact test carn and should be employed as 2

specification control test for small carburized parts when high toughness:
is reguired.

RECOMMENLATIONG

In order to establish more conclusively the overall applicabllity of
9310 steel for bolts ard raceivers used in ML) rifles, it is recommended
that a limited number of components be manufactured for proof and service
tests. Durlng this pilot manufacture, the machinability of 9710 steel
can be determined in relatlon to the particular parts and then the disad-
vantages, i3I any, can be assessed.

-12-
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